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METHOD OF FABRICATING COMPONENT HA\TNG INTERNAL TEETH AND ROLLING 

MACfflNE THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is a U.S. National Stage application claiming the benefit of prior filed 

International Application Number PCT/JP2004/010329, filed July 21, 2004, in which the Memational 
Application claims the priority firom Japanese Patent Application Nos. 2003-280501, 2003-425952, 
2003-425955, each filed on July 25, 2003, December 22, 2003 and December 22, 2003, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The present invention relates to a method of fabricating a component having an internal tooth 

profile such as a multiple disc clutch drum or an internal gear and to a rolling machine thereof 
[0004] Description of the Related Art 

[0005] For exan^le, a large number of methods using a press machine and a die have been reported as 

means of fabricating a component having internal teeth such as an intemal gear or a multiple disc clutch 
dnm including several fiiction discs. However, since the amount of elastic deforaiation increases as the 
size of a press or a die increases, high machining accuracy cannot be expected. 

[0006] On the other hand, in the field called roUing, there are two main conventional techniques as a 

method of fabricating a component having an intemal tooth profile such as a multiple disc clutch drum or 
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an internal gear 

[0007] According to one of tiie methods, a material to be processed, which has circular inner and outer 

circumferences^ is inserted and fitted into a bar-like inner die having concavity and convexity obtained by 
transferring and die-sinking an internal tootii proffle to be finally obtained so that their inner diameters are 
aligned. At least one point on the outer circumference of the material is pressed to be deformed in a 
centripetal direction by a roller, a spatula or the lilce. The point of application is sequentially moved in a 
circumferential or axial direction so as to transfer the inner die profile to obtain a component having 
internal teeth. Leavkig aside the question of superiority, this method is characteristic in that the number 
of teeth of the bar-lil<e inner die and that of the obtained internal teeth are identical with each ottien 

[0008] In the other method, a rolling tool having a tooth die (necessarily witli a less number of teeth 

than that of internal teeth to be obtained), which meshes with an internal tooth profile to be finally 
obtained in an inscribed manner, is acted on the inner side of a cylindrical material, hi the conventional 
method, a tooth profile substantially already completed in Hie sense of foiining is present inside tlie 
cylindrical material to be supplied. At a rolling step, the rolling tool profile is used merely for finishing 
tooth profile, crowning, and surfece roughness finishing. Specifically, the most important requiremmts 
for establishment of this conventional method are that a macro load is low because a tool tip does not 
come into contact with the material to be processed so that defoimation is slight, and the stiflBiess of the 
material to be processed prevents roundness firom being changed (degraded). As a result, a gripping 
mechanism having a relatively low stiflBotess can be used. The presence of the gripping mechanism 
brings about the unexpected effect of serving for initial rotational phasing between an existing tooth 
profile and a tooth space of a rolling tool. 

[0009] [Non-Patent Article 1] Catalogue of a Finishing Gear Rolling Machine for T^er Flank of 
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Mtemal Involute Spline ''GR-1 5 IN'' fabricated by Yutaka Seimitsu Kogyo Ltd. 
SUMMARY OF THE mVENnON 

[00101 Th^ problem in the conventional methods to be solved is how to improve a broaching stqp and 

a step using a gear shaper for obtaining a cylindrical material having a substantially completed tooth 
profile at low cost 

[00111 Therefore, the present invention has an object of providing a method of fabricating a 

component having intemal teeth and a rolling machine, which enables large defonnation at a main rolling 
step to omit a broaching step and a step using a gear shaper. 

[0012] In the method of fabricating a component having intemal teeth according to the present 

invention, instead of using a gripping mechanism for a cylindrical material, a container having a stiffiiess 
resistive to an intemal pressure as high as that of cold forging is provided. A cylindrical material is 
inserted into the rotatably driven container in an approximately aligned manner. A rotatably driving 
rolling tool is acted on the inner side of the cylindrical material to press the cylindrical material so as to 
sequentially change a distance between a tool rotational shaft and a container rotational axis to 
successively grow a tooth profile. As a resvilt of an enlarged outer diameter by spreading, the component 
having internal teeth, which fills the container, is obtained. It is desirable to provide in advance the same 
number of concave grooves as that of intemal teeth to be formed on an inner circumferential face of the 
cylindrical material at equal intervals. 

[0013] The rolling machine accordiag to the present invention includes: a rotatably driven container 

into which a cylindrical material for forming a component having intemal teeth is inserted in an aligned 
manner; a base on which the container is placed through a radial bearing; a rolling tool having external 
teeth pressed against an inner side of the cylindrical material so as to fabricate intemal teeth by tolling; a 
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mlling tool rotational shaft rotatably driving the rolling tool; and a transfer mechanism forcibly moving 
the rolling tool rotational shaft to forcibly change a distance between a container rotational axis and the 
rolling tool rotational shaft. 

[0014] The rolling machine according to the present invention includes: a rotatably driven container 

into which a cylindrical material for forming a component having internal teeth is inserted in an aligned 
manner; a base on wliich the container is placed through a radial bearing; a rolling tool including external 
teeth pressed against an inner side of the cylindrical matOTal to fabricate internal teetli by rolling; a rolling 
tool rotational shaft rotatably driving the rolling tool; a transfer mechanism forcibly moving the rolling 
tool rotational shaft to forcibly change a distance between the container rotational axis and the rolling tool 
rotational shaft; and a veitical expansion shaft performing either one of changing and toughly keeping an 
axial position of tlie container with respect to a position of the tool. The veilical expansion shaft includes 
either one of at least two numerical control shafts and three indepaident numerical control shafts 
provided in parallel at three points surrounding the container rotational axis. Tlie vertical expansion shaft 
inserts and fits an outer circumference of tlie container filled with the cylindrical material into an inner 
side of the radial bearing placed at the base each time rolling processing starts, and can disengage the 
container and the radial bearing fix>m each other after termination of the rolling processing to discharge a 
processed product and to insert another cylindrical material. The transfer mechanism includes a purchase 
wedge pressing a slider connected to the rolling tool rotational shaft and a spring pushing back tiie slider. 
The transfer mechanism controls a position of the slider by feeding back data of a distance sensor directly 
monitoring the position of the slider. 

[0015] According to the present invention, the component having the internal teeth is adhered to the 

innar side of the container having a suflSdent stiflftiess ensuring the roundness. The component having 
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the internal teeth does not have any after effect of an imbalanced load due to sequential processing in the 
middle of processing. Therefore, the component having the internal teeth can provide drastically large 
deformation by rolling. Moreover, the requirements for the cylindrical material are remarkably relaxed 
so that a pressed product can be directly provided. 

[0016] Moreover, according to the present invention, when rolling a helical intemal gear with a 

bottom, improvement is made to obtain class 2 accuracy over the result, which is obtained as a single 
shaft by setting the three shafts to have the same output-side numerical value. In particular, the effect of 
improvement of accuracy in correction of a lead error is remarkable. 

[OOIT] Furfliermore, according to the present invention, a synchronization mechanism between a tool 

rotation angle of the rolling machine and a container rotation angle, which was conventionally needed, is 
no longer requiiM Tlius, a rolling machine can be provided at low cost while achieving cold forming of 
a helical intemal gear with a bottom, which was never successful in the conventional teclmique. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00181 Th^ nature, principle, and utility of the invention will become more apparent from the 

following detailed description when read in conjunction with the accompanying drawings in which like 

parts are designated by identical reference numbers, in which: 
[0019] Fig. 1 is a top view shovmig a rolling machine used for a method of fabricating a helical 

intemal gear with a bottom flange (a component having intemal teeth) according to a first embodiment of 

the present invention; 
[0020] Fig. 2 is a sectional view of Fig. 1 ; 

[0021] Fig. 3 is an outside view of a helical intemal gear with a bottom flange, fabricated according to 
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the fiist embodiment of the present invention; 
[0022] Fig. 4 is a chart showing tooth die accuracy of the helical internal gear with a bottom flange, 

fabricated according to the first embodiment of the present invention; 
[0023] Fig. 5 is a chart showing tooth die accuracy of the helical internal gear with a bottom flange, 

fabricated according to the first embodiment of the present invention; 
[0024] Fig. 6 is a sectional view showing a sectional shape of a component to be formed by rolling, 

which is perpendicular to the axis, and the arrangement of a rolling tool and a container according to Uie 

first embodiment of the present invention; 
[0025] Fig. 7 is a sectional view showing a sectional shape of a cylindrical material, which is 

perpendicular to the axis, provided for rolling in a devised method and the arrangement of a rolling tool 

and a container prior to the start of rolling according to a second embodiment of the present invention; 
[0026] Fig. 8 is a sectional view showing the arrangement of a rolling tool shaft and two expansion 

shafts with respect to a container rotational axis in a tliird embodiment of the present invention; 
[0027] Fig. 9 is a sectional view showing the an-angement of a rolling tool shaft and three expansion 

shafts with respect to a container rotational axis in a fourth embodiment of tiie present invention; 
[0028] Fig. 10 is a top view of a rolling machine in a fifth embodiment of flie present invention; 

[0029] Fig. 1 1 is a fix)nt view of the rolling machine in the fifth embodiment of the present invention; 

[0030] Fig. 12 is a side view of tiie rolling machine in the fifth embodiment of the present invention; 

and 

[0031] Fig. 13 is an explanatory view showing a metiiod of fabricating a helical internal gear with a 

bottom flange (a component having internal teefli) using the rolling machine in the fifth embodiment of 
the present inventioa 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00321 (Fiist Embodiment) 

[00331 Figs- 1 and 2 show a rolling machine 1 used in a method of febricating a helical internal gear 

with a bottom flange (a component having internal teeth) 12 according to a first embodiment of the 
present invention. 

[00341 Tlie rolling machine 1 includes: a rotatably driven container 2 into which a cylindrical material 

10 for forming a component having internal teeth 11 is inserted in an aligned manner; a base 3 on which 
the container 2 is placed through radial bearings 4; a rolling tool 5 having extemal teeth 5a to be pressed 
against the inner side of the cylindrical material 10 to fabricate the internal teeth 11 by rolling; a rolling 
tool rotational shaft 6 for rotatably driving the rolling tool 5; and a transfer mechanism 7 for forcing the 
rolling tool rotational shaft 6 to relatively move to forcibly change a center distance between a ratational 
axis 2a of the container 2 and tiie rolling tool rotational shaft 6. 

[00351 The radial bearings 4 are provided between an outer circumference of the container 2 and an 

inner circumference of the base 3 also serving as a radial bearing housing. 

[0036] Tlie rolling tool rotational shaft 6 is fitted into a rolling tool beating 9 provided to a slider 8. 

The rolling tool rotational shaft 6 is in communication with a rotary driving device not shown. 

[00371 The transfer mechanism 7 is composed of a feed cylinder incorporated into the base 3. The 

transfer mechanism 7 forces the slider 8 to relatively move so as to move the rotational axis 2a of the 
container 2 while the rolling tool rotational shaft 6 is driven. 

[00381 Next, a method of fabricating the helical internal gear with a bottom flange (the component 

having tiie internal teeth) 12 using the thus configured rolling machine 1 according to tiiis embodiment 
will be described. 
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[0039J First, the cylindrical material 10 for forming the component having the intemal teeth 11 is 

inserted into the container 2 rotatably placed on the base 3 in an aligned manner. 

[0040] Next, the rolling tool 5 is drivea While the rotating external teeth 5a are being pressed against 

the inner face of the cylindrical material 10, the transfer mechanism 7 forces the slider 8 to relatively 
move to sequentially change the distance between the rotatably diiving rolling tool rotational shaft 6 and 
the rotational axis 2a of the container 2. Meanwhile, the cylindrical material 10 is pressed between the 
external teeth 5a of the rolling tool 5 and an inner circumference 2b of the container 2 so as to be 
deformed, thereby sequentially growing the tooth profile. The rolling is completed filling the inner side 
of the container 2 when the outer diameter of the cylindrical material 10 is enlarged as a result of 
spreading. 

[0041] 111 the above-described manner, as shown in Fig. 3, the helical intemal gear v^th a bottom 

flange 1 2 corresponding to the component having the intemal teeth 1 1 can be obtained. 

[0042] Figs. 4 and 5 are charts showing tooth profile accuracy of the helical intemal gear with a bottom 

flange 12 obtained by this embodiment. The charts are representations achieved by a software of Carl 
Zeiss Inc. Although tlie analysis is herein omitted, it is believed that the accuracy is evaluated 
substantially as that of a JIS class 3 precision gear. However, non-placement of the helical intemal gear 
on the center of rotation and the inclination of the axis are not coirected. 

[0043] (Second Embodiment) 

[0044] In the first embodiment, the accuracy of division at equal intervals over the circumference 

cannot be ensured unless tooth spaces formed immediately after the start of rolling are precisely identical 
with the external teeth (convex portions) 5a of the rolling tool 5 for forming again the tooth spaces deeper 
after the roll of the material at 360 degrees as shown in Fig. 6. If close adherence between the container 2 
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and the cylindrical material 10 can be ensured at the initial stage, it is not impossible to synchronize a 
rotation angle of the rolling tool 5 and tiiat of the cylindrical material 10 through the container 2 in yiqw 
of a mechanical structure. However, it is not easy to ensure the close adherence between the container 2 
and the cylindrical material 10 at the initial stage. 

[0045] Therefore, in this embodiment, as shown in Fig, 7, instead of realizing tlie synchronized 

rotation of the rotation angle of the roUing tool 5 and that of the cylindrical material 10 by controlling the 
rolling macliine, the same number of concave grooves 13 as that of the internal teetli 1 1 to be formed are 
provided at equal intervals on the inner circumferential face of the cylindrical material 10^ which 
corresponds to a point of reception of the sequential action. In this manner, tlie driven-side cylindrical 
material 10 or the container 2 integral with the cylindrical material 10 synclronously rotates in a 
spontaneous manner. Tliis spontaneous synchronous rotation is used in tliis embodiment Specifically, in 
this embodiment, attention is focused on the fact that the problem is solved if the cylindrical material 10 
synclii-onously rotates with the rolling tool 5 without losing synchronism, regardless of the integration of 
the cylindrical material 10 and the container 2. As a result, this embodiment can achieve two objectives 
at a time: the rotation angle of the rolling tool 5 and that of the container 2 are to be synchronized in the 
structure of the rolling machine 1; and the presence of a clearance or a slide between the cylindrical 
material 10 and the container 2 is not allowed. 

[0046] For canying out this embodiment, a depth of the concave grooves 1 3 to be provided in advance 

at equal intervals on the inner circumferential face of the cylindrical material 10 is satisfactorily 40% or 
less of that of the internal teeth 11 to be formed. A shape similar to a tooth tip of the rolling tool 5 is 
suitable as the shape of the concave groove 13. A large press machine is not required for processing the 
concave grooves 13. Although it is ^parent that cutting using a broach or a slotter can be used as means 
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of processing the concave grooves 13 without any problem, it is totally different &om a 99% tooth profile 
like a material used for conventional finish rolling. 

[0047] Moreover, according to this embodiment, the same number of gentle concave grooves 13 

having a small level difference as that of teeth to be obtained are provided in advaace on the inner side of 
the cylindrical material 10. Since the cylindrical material 10 is perfectly rotatable at the initial stage of 
rolling, the problem peculiar to rolling that two teeth are initially formed for one groove can be solved. 

[0048] Since the components in this embodiment other than the cylindrical material 1 0 are the same as 

those in tlie first embodiment, the description thereof is herein omitted. 

[0049] (Third Embodiment) 

[0050] In the rolling machine 1 used in the first embodiment, that is, the macliine of inserting the 

cylindrical material 10 for fomiing a component into the rotatably driven container 2 in an approximately 
aligned manner so as to press and defomi the cylindrical material 10 between the rotatably driving rolling 
tool 5 and tiie inner side of the container 2 to process the component 12 having the internal teeth 11 by 
rolling, a cantilever mechanism is obliged to be used for holding the rolling tool shaft 6 in view of the 
convenience of insertion and removal of a processed product and the like. Therefore, a pressing pressure 
corresponding to a processing stress necessarily requires the elastic bent of the rolling tool shaft 6. 
Accordingly, in this embodiment, the rotational axis 2a of the container 2 is forced to be inclined toward 
the rolling tool shaft: 6, which is no longer parallel, by similarly using elastic deflection. As a mechanism 
of restoring a parallel state, two expansion shafts 14 and 15 are provided on a line connecting the rolling 
tool shaft 6 and the rotational axis 2a of the container 2 on the outer side of the rolling tool shaft 6 and the 
rotational axis 2a. The two expansion shafts 14 and 15 are individually expanded and contracted to force 
the container 2 to be inclined. In this manner, Ms embodiment achieves the mechanism of restoring a 
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parallel state. 

[0051] After confiiming a state where the container 2 is horizontally held under no load as a difference 

zero point, an output-side theoretical fibial point of each of the two expansion shafts (control shafts) 14 
and 15 at the rolling termination stage is actively offset by for example, about 03 mm. 

[00521 Even if the effects are reduced by the deflection of the axis of a ball screw or the like, 

inclination of tlie container 2 for about 0. 1 mm can be generated with respect to an axial span of 250 mm. 
The inclination corresponds to improvement or correction of about 10 |am for 25 mm of inclination of an 
over pin diameter of the gear or a helix angle error. 

[0053] (Fourtli Embodiment) 

[0054] In tliis embodiment, even a gear lead or a helbc angle of a product obtained by rolling, which is 

deteraiined by a gear lead or a helix angle originally provided on tiie rolling tool 5 in the third 
embodiment, is controlled within an extremely small range. 

[0055] In tliis embodiment, as shown in Fig, 9, thi^ee expansion shafts (control shafts) 16, 17, and 18 

are provided for the fixed rolling tool shaft 6 at three positions so as to surround the rotational axis 2a to 
force tlie rotational axis 2 of tlie container 2 to be deflected in an elastic deflection area. Each of the 
expansion shafts 1 6, 1 7, and 1 8 can be numerically controlled in an independent manner. 

[0056] After the confirmation of a state where the container 2 is horizontally held under no load as a 

difference zero point, an output-side theoretical final point of each of the three expansion shafts (control 
shafts) 16, 17, and 18 at the rolling temiination stage is actively ofeet by, for example, about 03 mm. 

[0057] Even if the effects are reduced by the deflection of the axis of a ball screw or the like, 

inclination of the container 2 of about 0.1 mm can be generated with respect to an axial span of 250 mm. 
The inclination corresponds to improvement or correction of about 10 |Lim for 25 mm of inclination of an 
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over pin diameter of the gear or a helix angle erron 
[0058] By employing the indqpendent control of the three shafts, the elastic bent of the rolling tool 

shaft 6 can be ofl&et, the intemal gear can be crowned, a lead can be regulated even within an extremely 
small range, and the like. 

[00591 This embodiment intends to actively correct extremely small inconveniences regarding gear 

accuracy for example, the rolling tool 5 side of the container 2 corresponding to the open side opens due 
to the elastic deformation of the container 2 to result in a rolled product with a conical pitch cylinder, or a 
lead is clianged by a change in tlie amount of displacement even if a helical angle of the rolHng tool 5 is 
asset 

[0060] In this embodiment, the rotational axis 2a of tlie container 2 conesponding to the rolling tool 

shaft 6 is deflected in an X-axis direction as well as in a Y-axis direction. Tlierefore, it is required to 
provide at least three shafts. Unless the expansion and confection of the three shafts are individually 
controlled, tliis embodiment cannot be acliieved. 

[0061] For carrying out this embodiment, the following specific arrangement of the three shafts is 

believed to be directly linked to efficiency and ease of control. Specifically, one expansion shaft 16 is 
provided on the line connecting the rolling tool shaft 6 that would be deflected by a pressing force and flie 
rotational axis 2a of the container 2, whereas the other two expansion shafts 17 and 18 are provided 
evenly on both the sides of the line. 

[0062] (Fifth Embodiment) 

[0063] Figs. 10 to 1 3 shows a rolling machine according to this embodiment. 

[0064] Figs. 10 to 13 shows a railing machine 20 used in a method of fabricating the helical intemal 

gear with a bottom flange (the component having the intern^ teeth) 12 according to the fifth embodiment 
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of the present invention, 

[0065] The rolling machine 20 includes: a rotatably driven container 21 into which the cylindrical, 

material 10 for forming the component having the intemal teeth 11 is inserted in an aligned manner; a 
fixed base 28 including a radial bearing 29 with which the container 21 is engaged; a rolling tool 36 
having external teeth 36a to be pressed against the inner side of the cylindrical material 10 to fabricate the 
intemal teetli 11 by rolling; a rolling tool rotational shaft 37 for rotatably driving the rolling tool 36; and a 
transfer mechanism 40 for forcing the rolling tool rotational shaft 37 to forcibly change a distance 
between a rotational axis 21a of the container 21 and the rolling tool rotational shaft 37. 

[0066] The container 21 is rotatably provided through a thrust bearing 24 on a table 23 fixed on a 

lifting NC shaft 22, The lifting NC shaft 22 is provided on a shelf 26 located below the fiDced base so as 
to be lifted up and down. A lift guide rod 25 pivotally supported on tlie shelf 26 so as to be lifted up and 
down is provided for the table 23. The lifting NC shaft 22 is operated by a Z-axis NC motor 27 so as to 
be lifted up and down. 

[0067] Tlie fixed base 28 includes: a hole 30 for attachment of the radial bearing 29; a hole 31 for 

lifting up and down a purchase wedge 41 of tlie ti-ansfer mechanism 40; a slider placement surface 32 for 
slidably placing a slider 39 for supporting and fixing a rolling tool device 38 including the rolling tool 36; 
four slider guides 33 provided on both sides of the slider placement surface 32; pushback springs 34 of 
the slider 39, provided so as to be opposed to tiie hole 3 1 ; and a side distance sensor 35 for monitoring an 
end ofthe slider 39. 

[0068] The rolling tool 36 is attached to the rolling tool device 38 including a motor with a reduction 

gear through the rolling tool shaft 37. The rolling tool device 38 is fixed to ttie slider 39. The transfer 
mechanism 40 includes: the purchase wedge 41 being lifted up and down through the hole 31 in the fixed 
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base 28; a pressing NC shaft 42 for lifting up and down the purchase wedge 41; the pushback springs 34 
provided for the fixed base 28; and the side distance sensor 35 provided for the fixed base 28. The 
pressing NC shaft 42 is pivotably supported by the shelf 26 and is operated by the NC motor 43 so as to 
be lifted up and down. The side distance sensor 35 directly monitors the position of the slider 39 so as to 
feeds back the data to a control device not shown. The control device is provided in a control box 44. 
[0069] The control device performs, for example, control as follows. 

[0070] Cont-ol of a pressing force (a current value of die NC motor, that is, a torque) for press 

processing; 

[0071] Control of a center distance between the shafts with respect to a rotation angle of the tool shaft; 

[0072] Determination of a combination of right-hand rotation and left-hand rotation of the tool shaft; 

and 

[0073] Detennination of a rotational acceleration at the start after suspension for changing a rotation 

angle. 

[0074] Although it is apparent that the conti'ol in the control device is executed in accordance v^tli 

programs at the start of rolling, during the rolling, and at the end of rolling, the details thereof are herein 
omitted. 

[0075] It is apparent that not only the forced acceleration of pressing in accordance with the rotation 

angle of the rolling tool 36 but also various conditions for accelerating the rolling such as reverse time (or 
the number of revolutions) of the rolling tool rotational shaft 37, a rotational acceleration at the start of 
reverse and the final position of each of the expansion shafl:s are set by processing all the information 
required for automatic operation with high reproducibility such as monitoring an abnormal value of a 
pressing force through the NC motor current value or obtaining the data fi-om the side distance sensor as 
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a trigger of a rollirig temmiation routine (free rotation for all around uniform rolling and the like). 

[00761 Next, a method of fabricating the helical internal gear with a bottom flange (the component 

having the internal teeth) 12 using the rolling machine 20 configured as described above according to this 
embodiment will be described. 

[0077] First, as shown in Figs. 11 and 13(a), the cylindiical material 10 for forming the component 

having tlie intemal teeth 11 is inserted into tlie container 21, which is being lifted down from the frxed 
base 28, in an aligned manner 

[0078] Next, as shown in Figs. 11 and 13(b), the Z-axis NC motor 27 is driven so as to lift the lifting 

NC shaft 22 up to fit the container 21 into the radial bearing 29 of the fixed base 28. In this manner, the 
container 21 is engaged with the radial bearing 29. 

[0079] Next, as shown in Figs. 10 and 13(c), the rolling tool device 38 aid tlie transfer mechanism 40 

are driven. As a result, the slider 39 forces the rolling tool shaft 37 to be changed as indicated with an 
arrow in Fig. 9 with the elevation of the purchase wedge 41 of the transfer mechanism 40 while the 
rotating external teeth 36a of the rolling tool 36 are being pressed against the inner face of the cylindrical 
material 10. Specifically, first, the purcliase wedge 41 of tlie transfer mechanism 40 puslies the slider 39 
toward the pushback springs 34 while being pulled into the hole 31 by the pressing NC shaft 42 pulled 
with the rotation caused by the NC motor 43. As a result, the rolling tool shaft 37 is forced toward the 
pushback spring 34. Next, the purchase wedge 41 of the transfer mechanism 40 is pulled up from the 
hole 31 by the pressing NC shaft 42 that is also pulled up with the rotation caused by the NC motor 43. 
Along with the puU, the slider 39 is pushed back toward the purchase wedge 41 by a repellent force of the 
pushback springs 34. Thereafter, the forced changes in the two directions are ^plied to the rolling tool 
shaft 37 so as to achieve the rolling by pressing. 
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[0080] Next, as shown in Figs. 11 and 13(d), the Z-ads NC motor 27 is driven so as to lift the lifting 

NC shaft 22 do\m After the container 21 and the radial bearing 29 are disengaged from each other to 
restore the container 21 to its original position, a processed product is discharged. 

[0081] By the above process, the helical internal gear with a bottom flange 12, which corresponds to 

the component having tlie intemal teeth 11, can be obtained as shown in Fig. 3. 

[0082] According to this embodiment, the following advantages can be obtained. 

[0083] Tlie output of the NC shafts 22 and 42 can be reduced to a fi-action of a pressing force. 

[0084] An angular change of the purchase wedge 41 allows the limit of the pressing force to be 

adjusted by replacement of two components. 

[0085] A change in necessary pressing force for rolling or a fluctuation in rolling reaction force is 

absorbed by a frictional force thtmigh the purchase wedge 41 (while compensating for a low stiifiiess of 
the NC shafts 22 and 42) so as to keep the center distance between the rolling tool shaft 37 and the 
rotational axis 2 1 a of the container 2 1 with a laigli stiffiiess. 

[0086] Backlash in the center distance direction between the rolling tool shaft 37 and the rotational axis 

21a of the container 21 is eliminated regardless of backlash present on tlie NC shafts 22 and 42 side. 

[0087] The cento: distance is directly monitored regardless of the rotation angle of the NC motor 27 or 

43 to enable the highly accurate control of the center distance. 

[0088] The data from the distance sensor 35 enables the confirmation of the accuracy of a product in 

conformity with a gear rolling test. 

[0089] In this embodiment, it is desirable to provide the two control shafts 14 and 15 described in the 

third embodiment or the three expansion shafts (control shafts) 16, 17, and 18 described in the fourth 
embodiment The anangement and the operation control of the two control shafts 14 and 15 or the three 
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expaD-sion shafts (control shafts 16, 17, and 18) are the same as those in the third or fourth embodiment 

The invention is not limited to the above embodiments and various modijfications may be made 
without departing jfrom the spirit and scope of the invention. Any improvement may be made in part or 
all of the components. 
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